Background: Geosocial networking smartphone applications (apps) are popular tools for seeking sexual partners among men who have sex with men (MSM). We evaluated app use and risk of sexually transmitted infections (STIs) in app-using MSM (app-users) by a systematic review and meta-analysis. Methods: A literature search for relevant studies was performed. We extracted date of STIs (ever being diagnosed with human immunodeficiency virus [HIV], syphilis, gonorrhea and chlamydia) and sexual behavior (e.g., number of app-met partners, unprotected anal/oral sex, HIV testing) from the eligible studies. Pooled proportions and odds ratios (ORs) with 95% confidence intervals (95% CIs) were estimated.
Background
The prevalence of men who have sex with men (MSM)-related human immunodeficiency virus (HIV) infection is increasing worldwide [1, 2] . Advances in communication technology now offer MSM different opportunities to meet sexual partners. In recent years, a number of global positioning system (GPS)-equipped smart phone applications (geosocial networking smartphone applications; apps) have been developed (e.g., Jack'd, Scruff, Blued, and Grindr) that are popular tools in the MSM community [3] . These apps allow subscribers to create individualized profiles, share photos, and send their location. Users can also send instant messages to other users who are in close (or least identified) proximity, effectively allowing MSM to arrange sexual encounters. From 2009 to 2013, these apps have been used increasingly among MSM. Approximately 40% of MSM reported using these apps to seek sex partners in 2013 [4] . The first of these apps, Grindr (launched in 2009), reported it had reached approximately 6 million users around the world in 2013, with an estimated 8000 new users every day [3, 5] .
With the proliferation of apps, increased use of these apps may facilitate finding casual sexual partners, resulting in unsafe sexual practices [6] . Prior work has shown that MSM who use these apps (app-users) tend to have more sexual encounters, more frequent anal intercourse, more unprotected sex, and a larger number of sexual partners known to have HIV and other STIs [7] [8] [9] [10] . This increases their risk for HIV and STIs acquisition/transmission, compared with MSM who used different channels to seek sex partners (non-users) [11, 12] . However, evidence among these studies is inconsistent. Some studies suggested that app-users may be more likely to practice safer sex with these partners than are non-users [5, 13] , and that use of apps was not associated with increased risky behavior for STIs transmission [14] . Therefore, a comprehensive summary of apps usage and their associated effects on sexual health is warranted.
The aims of the present study were to: (1) examine the characteristics of app-users; (2) summarize the existing evidence on the use of apps and associated sexual behaviors among app-users; and (3) compare STIs diagnoses in apps-users with those of non-users.
Methods

Literature search
This meta-analysis report followed the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) [15] . We identified relevant articles published up to 9th October, 2017 by a systematic search of MEDLINE via PubMed, using the key words "homosexual", "gay", "bisexual", "men who have sex with men", "MSM", "applications", "apps", "phone", "smartphone", "mobile phone", "cellphone", "Grindr", "Jack'd", "Scruff", "Hornet", "Blued", "SpaceFinder", "GSN". In order to identify additional potentially relevant articles, the reference lists of included articles were manually searched by researchers.
Study selection
All articles that reported use of apps and their associated effects on sexual health and/or sexual behaviors among MSM were assessed. We selected articles adhering to the following criteria: (1) focus on app-using MSM or studies involving both app-users and non-users; (2) reported data for sexual health or sexual behaviors; and (3) full texts were available. Only English-language studies were considered.
Exclusion criteria were as follows: (1) studies that reported non-users only; and (2) studies that lacked required data on outcomes of interest.
Three authors (HW, LZ, YZ) independently assessed the retrieved records. The study selection process was conducted in two steps: first, titles and abstracts were analyzed and preselected according to inclusion and exclusion criteria; second, full texts of potentially eligible articles were retrieved for further evaluation. Disagreements were resolved by consensus.
Data extraction
Three authors (HW, KW, XZ) independently reviewed the full text of eligible studies and extracted the following information: (1) study details: first author, year of publication, study location, study period, recruitment method, main study objective; (2) characteristics of the study population: age, sexual orientation, education, race/ethnicity; and (3) outcomes of interest: HIV/STIs diagnoses (ever being diagnosed with HIV, syphilis, gonorrhea and chlamydia) and app related sexual behaviors (e.g., number of sex partners found through the platform). Disagreements were resolved by consensus.
Statistical analysis
Meta-analysis was performed using R software with the Meta package (version 3.2.0). The Higgins I 2 statistic was used to test for heterogeneity among studies, with I 2 < 25% considered low heterogeneity, 25-75% considered medium heterogeneity, and > 75% considered high heterogeneity [16] . If middle or high heterogeneity existed among studies, a DerSimonian-Laird random-effects model was used to calculate pooled proportion or odds ratios (ORs) and corresponding 95% confidence intervals (95% CIs) [17] . A Mantel-Haenszel fixed-effects model was used in the absence of heterogeneity [18, 19] . If there was heterogeneity, we performed sensitivity analysis to test the reliability of the results. In addition, Begg's and Egger's tests were used to evaluate publication bias, with P > 0.05 indicating no publication bias [20] .
Results
Characteristics of included studies
A total of 421 articles were identified from the database search; six additional papers was found through a reference check; 53 potentially eligible articles were retrieved for more detailed analysis. Ultimately, 25 studies were included for the meta-analysis [3-6, 13, 21-45] . The flow diagram of the study selection process is shown in Fig. 1 .
The characteristics of the included studies are summarized in Additional file 1: Table S1 . All studies were cross-sectional; 17 were conducted in the United States, five in China, and one each in Australia, Thailand and India. Ten studies recruited MSM through apps [5, 21, 22, 26, 30, 34, 36, 38, 42, 43] . Other studies applied a variety of recruitment methods, including gay websites, fixed venues, and social service organizations serving MSM. Data collection year of MSM ranged from 2009 to 2015. Most studies (n = 20, 80.0%) evaluated sexual behaviors/characteristics of app-users [3-6, 13, 21-23, 26-31, 33, 35-42] .
Demographic characteristics
More than half of these studies (n = 15/25, 60.0%) recruited app-users aged were 18 or above years of age [5, 13, 21-27, 29, 32, 34, 36-38, 41, 43-45] , and showed a predominance of young adults (18 to 30 years old; n = 8/15, 53%) [5, 13, 21, 22, 25, 36, 38, 41, [43] [44] [45] . According to the available data, 4427 (54.2%) app-users were white, 5754 (78.2%) were gay-identified and 6420 (71.3%) had at least college education. 1748 (71.3%) non-users were white, 2575 (47.9%) were gay-identified and 5791 (74.3%) had at least college education (Table 1) .
App usage and sexual behaviors among app-users
App usage and sexual behavior is summarized in Table 2 . Among app-users, Muessig and LeGrand found 50% reported using the phone to find sexual partners [44, 45] . Ko found 88% had online sex partners in the previous 3 months [30] . Winetrobe reported that the average number of Grindr-met partners in the past 1 month was 1.84 (Standard Deviation [SD] = 2.92) [5, 13] . Goedel and Duncan reported that the average number of app-met insertive and receptive anal intercourse partners was 1.46 (SD = 6.27) and 1.07 (SD = 2.45), respectively [25, 36] . The study from Tang et al..... found 66.7% of app-users did not ask for HIV status of the last gay app partner before meeting in person [4] .
Substance use
Two studies reported prevalence of recreational drug use among app-users (16.9% and 50.2%) [23, 34] . Two studies reported prevalence of injectable drug use (2.1% and 5.4%) [23, 31] . Goedel et al found 38.6% app-users reported having had five or more drinks containing alcohol in the previous 3 months [18] . Phillips et al reported that the prevalence of recreational drug and injectable drug use among non-users was 43.1% and 4.1%, respectively [23] .
HIV testing
The lifetime rate of HIV testing among app-users ranged from 49.1 to 96.7% [5, 23, 26, 33, 40] , and ranged from 50.1 to 97.1% among non-users [23, 33, 40] . The rate of HIV testing in the preceding 12 months among app-users ranged from 10.8 to 83.2% [5, 23, 26, 27, 38] , and ranged from 37.4 to 58.0% among non-users [23, 27] .
HIV prevalence
HIV prevalence was reported in sixteen studies among app-users. The range was 2.2% to 37.7%. The pooled prevalence was 6.0% (95% CI 4.0-11.0%, I 2 = 97%, P heterogeneity < 0.01), but with high heterogeneity (Additional file 2: Figure S1 ).
Comparisons of ever being diagnosed with HIV/STIs between app-users and non-users
Eight studies assessed self-reported HIV diagnosis [3, 4, 6, 23, 27, 32, 33, 38] . Since we found medium heterogeneity (I 2 = 45%, P heterogeneity = 0.08) among these studies, a random-effects model was used to pool the OR. The (Fig. 2 ). We applied a sensitivity analysis to explore the factors contributing to heterogeneity. Sensitivity analysis showed omitting one study in each group did not substantially change the pooled OR. For self-reported syphilis diagnosis, we first used a fixed-effect model to pool the available data [3, 6, 32] , We found that app-users were more likely to have syphilis (OR = 1.88; 95% CI, 1.37-2.59). However, we detected medium heterogeneity (I 2 = 70%, P heterogeneity = 0.04) among these studies. Therefore, we employed a random-effects model to calculate the pooled OR and found that there was no significant difference between apps-users and non-users (OR = 1.92; 95% CI, 0.91-4.03) (Fig. 2) . We found that Beymer et al. contributed substantially to heterogeneity according to the results of sensitivity analysis. When this study was omitted, the pooled OR for syphilis infection became 3.00 (95% CI, 1.84-4.91, I 2 = 0%, P heterogeneity = 0.36) suggesting app-users were more likely to report syphilis infection.
Three studies assessed self-reported gonorrhea and chlamydia diagnoses [3, 6, 32] . As there was no heterogeneity for either gonorrhea (I 2 = 0%, P heterogeneity = 0.80) or chlamydia (I 2 = 0%, P heterogeneity = 0.88) diagnoses, we employed a fixed-effect model to pool the OR. The pooled OR showed app-users were more likely to report Winetrobe (2014) Rice (2012) Number of Grindr-met partners, P1M 1.84 2.92
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Tang ( (Fig. 2) and chlamydia (OR = 2.22; 95% CI, 1.92-2.56) (Fig. 2) infections.
Publication bias
We found no publication bias for these analyses by Begg's test (all P > 0.05) or Egger's test (all P > 0.05).
Discussion
This was a quantitative study estimating the prevalence of HIV infection among app-users and non-users, and comparing self-reported STIs diagnoses between the two groups. In addition, we investigated app use and sexual behaviors of app-users. The prevalence of HIV infection, substance use, and HIV testing varied widely among app-users and non-users. We found that app-users engaged in several unsafe sexual behaviors. Our meta-analysis demonstrated that app-users were more likely to have syphilis, gonorrhea and chlamydia diagnosis than were non-users. Since the early 2000s, researchers have noted that partnerships pursued through online interactions were different from venue-based interactions. Advances in communication technology may affect the sexual partnership [14] . Many studies have reported that because apps provide MSM with more efficient ways to seek sexual partners compared with other methods, apps were more likely to facilitate higher risk sexual behaviors [35, 38] . Our study was not exceptional for finding that risky sexual behaviors (e.g., greater number of sexual partners, Fig. 2 Forest plots of HIV/STI diagnosis by app-users versus non-users. Squares indicate odds ratio in each study; square size is proportional to the weight of the corresponding study in the meta-analysis; the length of the horizontal lines represents the 95% confidence interval; the diamond indicates the pooled odds ratio and 95% confidence interval unprotected sex) were common among app-users. Apps potentially foster risky behavior because users could carry their smart phones with them at all times. A notable finding was that app-users were more inclined to be diagnosed with STIs than were non-users. Higher prevalence of risky sexual behaviors and higher risk of STIs infections may put app-users at greater risk for HIV transmission. However, we found that the two groups were similar with respect to reported HIV diagnosis. Ko et al. found that HIV-positive MSM were more likely to use apps to seek partners. HIV-positive MSM were concerned with maintaining his attractiveness in apps, and therefore implied his serostatus in his app profile. Therefore, apps might provide these men easier channels to hide HIV positive status [27] . Taken together, the advancements in apps and the increase in MSM using these apps may produce more adverse effects on sexual health. The data demonstrate the need for increased app-based prevention interventions among MSM.
Our study found high prevalence of recreational drug use among app-users. Substance use and misuse are prevalent among MSM [46] , especially alcohol and recreational drugs [47] . The National HIV Behavioral Surveillance showed that 42% of MSM used substances recreationally [48] . It has been reported that the use of substances was associated with HIV-related sexual risk behaviors [25, 46] . Therefore, substance use may a strong predictor of sexual risk behaviors.
We found a high rate of lifetime HIV testing among both app-users and non-users, and a slightly higher rate of HIV testing in the previous 12 months among app-users compared with non-users. It appears that app-users may be likely to utilize health resources, because MSM engaging in risky behaviors may recognize the need for HIV testing [49] . As has been validated by several studies, app-users were more likely to engage in unsafe sex [7] [8] [9] . Therefore, for app-users, frequent testing might be associated with high-risk sexual behaviors. Nevertheless, we cannot verify this association in the present study. In fact, several studies reported that many app-users never underwent HIV testing [33, 40] . A study conducted in Peru reported that 60% of MSM with newly diagnosed HIV infection had not been tested within 12 months [49] , suggesting that non-testers might be at high risk for infection. This is a significant issue, because infected non-testers can unknowingly transmit HIV to their partners [50, 51] , resulting in an increasing rate of HIV infection. This suggests that, integrating HIV testing into routine medical care might increase testing in high-risk MSM.
Our study had a few limitations. First, most studies were descriptive, without a comparable group (referred to non-users). This presented an obstacle for making comparisons between app-users and non-users. Second, the association between app use and sexual risk behaviors/STIs may not imply a causal relation.
Conclusions
Increased app use among MSM has been linked to casual sexual partners and unsafe sex. We suspect that app based dating offers avenues for more discreet dating that offers a possibility of increases in STIs. This situation has important implications for HIV prevention. Our analyses support the notion that MSM who seek sexual partners using apps may be more likely to have STIs infections than are non-users. As smartphone use increases, acceptable mobile platforms for HIV prevention are recommended. In addition, more studies, especially longitudinal studies, are needed to confirm the relative risk between app-user and non-user..
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